INTRODUCTION
Premature infants are vulnerable to heat loss due to immature thermoregulatory mechanisms and large surface area to body weight ratios. Hypothermia on admission is an important factor in neonatal morbidity and mortality. 1 Hypothermia is associated with glucose and electrolyte abnormalities, metabolic acidosis, renal failure, infection, apnea, hypotension, bradycardia, respiratory distress, thrombocytopenia, and bleeding. 2 Despite World Health Organization 3 recommendations to keep the delivery room temperature at least 251C, it is common for extremely low birth weight (ELBW) infants to be exposed to cold environments in the delivery room after birth and through stabilization. In the past, we found delivery room temperatures to be as low as 18.91C, 4 despite attempts to keep delivery room temperatures at least 261C. Cold stress is more likely during the birth process and during stabilization in the delivery room because the infant is delivered from the warm intrauterine environment to the cold, drafty environment of the delivery room. The infant is covered in amniotic fluid, and therefore much heat is lost quickly by evaporation. Transepidermal water loss, in infants, has been found to be inversely correlated with gestational age because premature infants have thinner skin. 5 Transepidermal water loss is 15 times higher in infants born at 25 weeks gestational age than in term infants, therefore, evaporative heat loss would be proportionate to the transdermal water loss. 5 Using an occlusive barrier to envelop the infant in the delivery room will prevent heat loss from evaporation and block convective currents from reaching the infant's skin.
In three randomized controlled trials (RCT), 4, 6, 7 we have shown that polyethylene wrap or polyurethane bags prevented heat loss in preterm infants less than 29-weeks gestation in the delivery room. In all studies, the preterm infant was delivered and placed on the radiant warmer for resuscitation, then intervention group infants were immediately covered with polyethylene wrap or polyurethane bags from the neck down while still wet with amniotic fluid. All infants were then resuscitated as usual following Neonatal Resuscitation Program (NRP) protocol. In all studies, the infant was transferred to the Newborn Intensive Care Unit (NICU) while still covered in the wrap or bag, which was removed once the infant was placed in a warm stable environment in the NICU. A systematic review of five studies concludes that occlusive wrapping of preterm infants less than 29-weeks gestation is more effective than standard care with respect to heat loss prevention (HeLP) during delivery room stabilization.
Translation of evidence into clinical practice may experience delays. Some of these delays may be linked to perceived or actual adverse events. We conducted an Internet survey of NICUs across the United States to investigate the current practices around the use of occlusive wrap in delivery rooms as well as reports of adverse effects.
METHODS
The 19-item survey was developed using a web-based survey design tool (http://dermatlas.med.jhmi.edu/survey). Content validity was checked by experts in neonatology (two board certified neonatologists and two certified neonatal nurse practitioners) and in Internet surveys (one physician specializing in clinical information technology and one doctoral candidate in nursing informatics) (Figure 1 ), which was refined based on their feedback. We piloted the revised survey with all NICUs in North Carolina. Further revisions were not necessary. Given the good content validity assessments, given the ease with which the survey worked in the pilot, and given the fact that the survey assessed rather stable characteristics of the NICUs, we did not assess the reliability of the survey.
The population for the national survey was based on all NICUs listed in United States Neonatologists, Perinatologists, & Newborn Intensive Care Units (NICUs) Directory 2002 (n ¼ 830). To be included, the NICU had to list both a neonatologist and e-mail address. NICUs were excluded, if there was no obstetric service at their hospital. The final sample was sent an introductory letter by e-mail with the survey attached by a link in March 2003, with two reminder e-mails sent in the following weeks. Data were collected for 60 days. Consent to participate was implied by completing and submitting the survey. Once submitted, the individual survey results were automatically stored server side in a secure database. The password-protected data were accessed for analyses via the Internet, then transferred into SPSS for descriptive analyses. Institutional review board approval for this study was obtained from the University of Chapel Hill, NC, USA.
RESULTS
Of the 830 NICUs listed in the United States Neonatologists, Perinatologists, & Newborn Intensive Care Units (NICUs) Directory 2002, 522 met inclusion criteria and 308 were excluded Figure 1 . Survey of delivery room practices: using occlusive wrapping for heat loss prevention in premature infants. for reasons described above. Of 522 included NICUs, e-mails were successfully received at 411. The remaining 111 NICUs had e-mails listed that were no longer active and resulted in a ''bounced'' message as reported and summarized by the list survey at UNC-CH. In all, 30% (125) returned surveys. Of the 121 units that indicated a level of care, (105) 87% were level III NICUs and 13% from level II NICUs. There were no responses from Level I NICUs. Of respondents, 24 (20%) currently used some type of occlusive wrapping on preterm infants in the delivery room to prevent heat loss.
Of the 24 centers using occlusive material, 10 (42%) place the infant inside a bag. Out of the 10 centers that used bags, four (40%) used a drawstring loosely pulled around the neck. Choice of wrap used included saran wrap, clear plastic bags, bags that originally held the CPR bag, lab specimen bags, food service film, polypropylene bags, and plastic bags with strings.
Although 15 (63%) of these NICUs did not place umbilical lines while the infant was still wrapped in the occlusive material, seven centers used this practice in preventing heat loss during line placement in the NICU. In all, 11 centers (48%) removed the wrapping once the infant was placed on the admission bed in the NICU, instead of prior to leaving the delivery room (4 or 6%) or after stabilization in the NICU (6 or 17%), 15 centers (63%) reported their infants were less than 60 minutes of age when the wrap/bag was removed and 16 centers (70%) reported improvements in admission temperatures for their preterm infants since introduction of wrap/bag during delivery room resuscitation.
Only one center reported any adverse effect from using wrap/ bags in the delivery room. Without providing any details, such as infant temperature, this center described a single infant who was reportedly hyperthermic upon arrival to NICU.
When asked how they learned about wrapping to prevent heat loss in the delivery room, eight (33%) reported by word of mouth, four (17%) by published report, two (8%) through conference proceedings, and eight (33%) by unspecified methods.
DISCUSSION
Using the Internet to conduct a research survey is fast, practical, and cost effective. 9 One important advantage is the availability of results in a database format that can be directly analyzed without need for repeat data entry with the risk of key-stroke errors. While e-mail surveys have been studied and found to generate faster and more detailed responses than postal surveys, they also generate fewer responses. 10 Web-based surveys have been found to generate a similar response rate than postal surveys and are more cost effective. [11] [12] [13] We were targeting NICUs with populations of infants less than 28-weeks gestation and indeed 87% of our returns were from units that serve this population. While the remaining 13% of units usually do not care for infants in this gestational age range, they will occasionally be faced with deliveries and subsequent transports of infants 28 weeks or less. The data collection is pertinent to the immediate postdelivery phase and as a result nurseries not caring long-term for infants less than 28 weeks were not excluded from analysis. Successful return of 30% of the surveys is typical of the return rate for Internet surveys from physicians in pediatrics. 14 At the time of this survey, there had been one published report 6 and several presentations [15] [16] [17] of the three trials conducted in the United States and Canada using wrap or bags in the delivery room to prevent heat loss in preterm infants. Given the usual delay between publications of research findings and change in clinical practice, 18 we were surprised to learn that 20% of level III NICUs have already adopted this practice. Our survey demonstrates the rapid but variable uptake of research findings. Centers across the United States have adopted their own modified versions of this intervention.
Choice of wrap/bag should be based on its thermal qualities (i.e. it allows for net heat gain from the radiant warmer) and safety-related factors, such as sterility, potential for iatrogenic harm, etc. While wrap/bags of polyethylene and polyurethane had been reviewed for their thermal qualities prior to use in clinical trials, the thermal properties of the other wrap/bags described in use by various centers are unknown. This variation in choice of wrap could account for differences in effectiveness of this intervention and as a result may lead providers to dismiss wraps/bags as noneffective and could jeopardize further adoption.
We suggested that the wrap/bag used in the delivery room setting should adhere to similar levels of sterility as other standard neonatal resuscitation equipment. In the clinical studies, the interventions chosen were clean and/or sterile. Based on the responses, the current wrap/bags being used for neonatal resuscitation in the United States do not follow this recommendation consistently. Of particular concern is the use of wraps that may have encountered various environmental contaminants prior to use (e.g. the plastic cover of the CPR bag, which is not intended to be recycled for future use).
Potential for iatrogenic harm should also be considered. One of our trials used sterile polyurethane bags that were approved by the FDA for use in infants having abdominal or spinal cord anomalies. These bags have a drawstring at the top to reduce evaporative losses when applied to the congenital anomaly. In trained hands, this bag did not cause harm during the clinical trial of premature infants. However, we recognize that a drawstring placed around the neck is inherently dangerous and if the same intervention were to be used by inexperienced or overzealous personnel during resuscitation of ELBW infants, the strings could potentially cause harm. We recommend that centers that wish to adopt the practice of wrapping in their delivery room choose a wrap without a drawstring.
Iatrogenic injury secondary to hyperthermia (exacerbation of hypoxic injuries, increased metabolic rate, etc.) may occur with careless combination of multiple infant warming methods. Meta-analysis 8 confirms that occlusive wrapping in conjunction with radiant warmers is sufficient to reduce hypothermia in this population. If additional warming devices are used in conjunction with wrapping (e.g. chemical beds), the infant could potentially become hyperthermic. Combining multiple warming methods with this intervention has not been tested. Despite these risks, we believe benefits of this intervention outweigh potential risks. This is supported by the fact that the many centers in this study that adopted wrapping as part of their routine resuscitation of very premature infants did not report any adverse events.
To our surprise, variations of this intervention were embraced promptly by 20% of NICUs across the nation whose leaders responded to our survey. This rapid adoption of a new intervention is usually the exception, not the norm, with respect to changing health care provider behavior to incorporate new evidence. 18 At the time of the survey, only one trial had been published in manuscript format; 6 the other two were published abstracts 15, 16 and presentations at national neonatal meetings. [15] [16] [17] Our survey suggests the need for research findings to be presented in multimodal ways, including both peer-reviewed publications as well as presentations at key meetings, where opinion leaders are influenced. Through such methods of dissemination, a researched intervention may be adopted easily and correctly in NICUs throughout the country.
Limitations of this Survey
There was a 30% response rate; although low, this rate is ''typical'' of this population.
14 Because of the low response rate, there is risk if it is a non-representative sample. However, since 87% of our respondents were level III NICUs, the ones charged with the care of infants less than <29 weeks, we feel this survey is most representative of this level of neonatal care. It is of note that only 20% of the responding level III NICUs adopted this intervention and it is likely this rate was even lower in level II NICUs .
CONCLUSION
Since many centers have already started to adopt wrapping as part of their routine care, we suggest that practice guidelines for delivery room resuscitation of premature infants should explicitly comment on recommendations regarding choice of wrap and technique. In the absence of such advice, NICUs are making highly variable decisions regarding delivery room care. The results of this survey were used during the design of a multicenter trial, the HeLP trial, which is currently being conducted with NICUs of the Vermont Oxford Network. When the results of this trial are known, they can be used to update clinical practice guidelines regarding the use of wrap in the delivery room and lend evidence towards changing World Health Organization and NRP recommendations for HeLP in the delivery room for premature infants.
